
InyoInyo National Forest, California National Forest, California 





Soil horizons Soil horizons --
LamellaeLamellae





Olympic Peninsula, Washington State Olympic Peninsula, Washington State 



Tumalo Tumalo CreekCreek
OregonOregon



Idaho
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Smooth Smooth DouglasiaDouglasia



Skunk cabbageSkunk cabbage



Olympic Peninsula Olympic Peninsula 



IdahoIdaho



Elk herd Elk herd -- Washington StateWashington State



AlaskaAlaska
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Solids:Solids:



• Organic Matter
• Minerals
• Air
• Water









Actinomycetes Actinomycetes bacteriabacteria



FungiFungi



ProtozoaProtozoa



Nematode Nematode -- Acrobeles Acrobeles headhead



Arthropod Arthropod -- Basket miteBasket mite



Townsend’s ground squirrelTownsend’s ground squirrel





• Organic Matter
• Minerals
• Air
• Water



Basalt



Soil Particle Size and Texture



Clay and Silt
Fine Textured

Sand
Coarse Textured

50 sq. in. per 
ounce of soil

Thousands to 
millions of sq. in.

in one ounce of soil



v Coarse textured 
v Less total pore space
v Greater proportion of 

large pores
v Water moves easily 

through soil
v Holds less water



v Fine Textured
v More total pore space
v Greater proportion of small 

pores
v Holds more water
v Water moves with difficulty



Sand held together with clay mineralsSand held together with clay minerals

Soil StructureSoil Structure





• Organic Matter
• Minerals
• Air
• Water



� If enough water infiltrates, the soil will become saturated
� Soil moisture then reaches the water table and recharges ground water
� Infiltration of water into soil will gradually release into streams
� High infiltration rates reduce threat from small to moderate floods  

InfiltrationInfiltration



Alaska peat bog

Peat







Compacted SoilCompacted Soil

RunoffRunoff
ErosionErosion

InfiltrationInfiltration

Natural SoilNatural Soil



Idaho floodplain



Lakebed depositLakebed deposit

Glacial outwashGlacial outwash

Glacial tillGlacial till



Silt and Clay
• Fine Textured
• More total pore space
• Greater proportion of small 

pores with 
• Holds more water
• Water moves with difficulty
• High capillary tension



Capillary action



Clay layerClay layer



• Coarse textured 
• Less total pore space
• Greater proportion of 

large pores
• Low capillary tension
• Water moves easily 

through soil
• Holds less water



Silt

Sand

Silt



Flowing
Stream

Silt or claySilt or clay

SandSand

Silt or claySilt or clay





Characteristics of 
an Upland Soil

A Living, Dynamic System

Organic LayerOrganic Layer

Parent MaterialParent Material

SOIL HORIZONSSOIL HORIZONS

TopsoilTopsoil

SubsoilSubsoil

BedrockBedrock

1 ounce ~1 ounce ~
1 billion1 billion

bacteria bacteria --
organic matterorganic matter



WyomingWyoming



1980 eruption1980 eruption

Historic eruptionHistoric eruption

Mt. St. HelensMt. St. Helens



KansasKansas



North DakotaNorth Dakota



ArizonaArizona



Upland

Riparian



OO
AA

CC

OO Organic DebrisOrganic Debris
AA Organic matter Organic matter 

Incorporated intoIncorporated into
surface  layersurface  layer

CC RecentlyRecently
DepositedDeposited
sedimentssediments



Wind blown (loess)

Water deposited 



Lakebed deposit

Glacial outwash

Glacial till



One year old debris torrent -
Central Oregon

Deposition terrace





Skokomish River
Washington State



Debris torrentDebris torrent



Central Oregon



Montana meadow



Upland

Riparian

















� Capture runoff from adjacent lands, water from high flows, and 
precipitation

� Infiltration of water into soil for gradual release into streams
and to recharge ground water 

� Serves as a medium for plants and microorganisms to cycle 
nutrients

� Stores nutrients otherwise discharged from the watershed



Filters pollutantsFilters pollutants



Montana sedge meadowMontana sedge meadow



Water

Landscape & Soil Vegetation



Running water 
(lotic) Riparian Soils





Tumalo Tumalo CreekCreek
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Small boulder and large cobble



Forested coastal stream - Oregon





Alaska



Alaska



Lotic
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Alaska



North Carolina

Oxidized



MontanaMontana

Gleyed Gleyed soilsoil



Gleyed Gleyed layerlayer

Oxidized ironOxidized iron
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Salt waterSalt water



Montana - meadow
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Riparian Riparian -- forested forested 



Depressional 



Valley bottomValley bottom



Wet meadow soil



Montana meadowMontana meadow



Perched water table



Wet Meadow Soil

Anaerobic conditionsAnaerobic conditions

Gleyed Gleyed soilsoil

Redox Redox conditioncondition



Redox Redox concentration concentration 



Alaska peat bog



Landscape & Soil

Water

Vegetation



Conifer forestConifer forest



ArizonaArizona



Slough Creek, Yellowstone NPSlough Creek, Yellowstone NP



South Fork Skokomish River



AlaskaAlaska



Woody Species (Willow)Woody Species (Willow)
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Cattails and sedgesCattails and sedges





Montana forested wetlandMontana forested wetland

sedgessedges

subalpinesubalpine firfir



Idaho



Washington Washington 



Capillary action



Relationship of Soil to Erosion and 
Deposition

VegetationLandscape/Soil

Water





Rooting characteristics of plants are a 
critical component in stream bank stability

Sedges
BluegrassShrubsTrees



Idaho



Alaska



Channel Stability Rating (Vegetation)

0 2 4 6 8 10
Relative Stability Class

Bare Ground

Willow-Sedge

Willow-Bluegrass

Beaked Sedge

Bluegrass

Baltic Rush

Anchored Rock

Coyote Willow

Winward 2000
Appendix B

Adequate Root 
Strength



Willow RootsWillow Roots



Sedges



Pasture grasses
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Column of soil
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Manning, M.E., et al, 1989





Shrub and boulder dominated system



OregonOregon



MontanaMontana

Open water meadowOpen water meadow



Compacted

Runoff
Erosion

Infiltration

Non-compacted



Fine textured Coarse textured

Compacted
Non-
compacted



Compacted 

“ Puddled” silty soil



Shovel test



Soil Influence on Vertical and Lateral Soil Influence on Vertical and Lateral 

Channel StabilityChannel Stability



Vertical Vertical downcutdowncut



Once a sedge meadow, now occupied by silver sagebrush/mat
mulhy.  “Lentic downcut and transitioned to a lotic.”



Compacted clay layerCompacted clay layer





H
e a

dc
ut



IdahoIdaho



Oregon



Sawmill Creek, Idaho



Channel StabilityChannel Stability













Kenai Peninsula, AlaskaKenai Peninsula, Alaska

Open water marshOpen water marsh



Lentic downcutLentic downcut and transitioned to a and transitioned to a loticlotic



Gleyed Gleyed layerlayer

Oxidized ironOxidized iron



Early 1900’s - Washington Coast



Water sedge in standing water



VegetationSoil, Landscape

Water





“The late great Andy Watz”



Cooperative Riparian RestorationCooperative Riparian Restoration


